Study design Global mapping project of ISCoS for traumatic spinal cord injury (T-SCI) highlighted paucity of data from low and middle income countries (LMICs). Recognizing this gap, IDAPP study of one year duration was proposed as the first step to develop an International SCI database. Objectives Primary objective was to assess database variables, processes involved and web platform for their suitability with a view to provide guidance for a large scale global project. Secondary objective was to capture demographic and selected injury/safety data on patients with T-SCI with a view to formulate prevention strategies. Setting Nine centers from Asia. Methods All patients with T-SCI admitted for first time were included. International SCI Core Data Set and especially compiled Minimal Safety Data Set were used as data elements. Questionnaire was used for feedback from centers. Results Results showed relevance and appropriateness of processes, data variables and web platform of the study. Ease of entering and retrieval of data from web platform was confirmed. Cost of one year IDAPP study was USD 7780. 975 patients were enrolled. 790 (81%) were males. High falls (n = 513, 52%) as a cause and complete injuries (n = 547, 56%) were more common. There was a higher percentage of thoracic and lumbar injuries (n = 516, 53%). Conclusions The study confirms that establishing the SCI database is possible using the variables, processes and web platform of the pilot study. It also provides a low cost solution. Expansion to other centers/regions and including nontraumatic SCI would be the next step forward.
Introduction
Spinal cord injury (SCI) is a medically complex condition historically associated with very high mortality rates in the past. Life expectancy of persons with SCI in low and middle income countries (LMICs) is shorter compared to general population in their countries as well as to persons with SCI in high income countries (HICs) [1] . There is a wide variance in the prognosis of persons with SCI based on the prevailing socioeconomic conditions in different countries. In HICs, SCI is considered a social challenge with a successful outcome defined as a near normal and productive life. In low-income countries, SCI remains a frequently terminal condition, with limited availability of services and resources, as well as reduced opportunities for meaningful community reintegration [2] . The cost for a person with SCI in US can range from $334,000 to 1 million in the first year of injury. In the subsequent years the cost can range from $41,000 to 178,000 based on the severity of injury [3] . Though exact financial burden only due to SCI is not available for LMICs, World Health Organization (WHO) in one of its guidance document has estimated that Road Traffic Crashes (RTCs) costs between 1% and 1.5% of gross national product in LMICs [4] . In India too, studies have estimated the cost of injuries as between 0.29 and 0.69% of Gross Domestic Product of India [5] . Persons with SCI suffer from increased financial burden and a decline in the support system. Poverty generates barriers for persons with SCI and also deteriorates their medical conditions including increased risk of pressure ulcers and infections predisposing to premature death [1] .
Steps to improve care and quality of life for persons with SCI must go hand in hand with measures to prevent SCI. To understand the socioeconomic impact of SCI, the epidemiology of SCI is a requisite. This should include both the prevalence and incidence of SCI, along with information regarding etiology of SCI.
The ISCoS global mapping project for traumatic SCI (T-SCI) brought out the paucity of data from less and leastdeveloped countries [6] . Moreover, the quality of data was also a major issue in all countries where SCI data was available. Hence, an urgent need was felt to facilitate high quality SCI-related data collection. Recognizing this need, the IDAPP was proposed as the first step of a long-term international SCI database that would gradually incorporate more centers across countries where no such endeavor has been undertaken so far.
The primary objective of the IDAPP study was to assess the appropriateness of database variables as well as the processes and the quality, user friendliness as well as error rate of web platform with a view to provide guidance for a large scale global project.
The secondary objective of the study was to capture demographic and selected injury/safety data on T-SCI patients admitted to selected Asian Spinal Cord Network (ASCoN) centers with a view to formulate prevention strategies.
Methods

Participating centers
Nine centers from India, Bangladesh, Sri Lanka, Nepal, Malaysia, and Thailand participated in the study.
Study inclusion and exclusion criteria
All patients with a T-SCI admitted for the first time after injury to any of the participating centers were included in the study. Patients readmitted to the centers were excluded from participating in the study. Patients with non-traumatic SCI were also excluded.
Study design
IDAPP study was planned for one year. Requirement of Informed Consent (IC) for participants was governed by the regulatory requirements of the Center. The Institute Ethics Committees (IEC) of all nine participating centers declared that obtaining informed consent of the participants was not required. The one-year timeline for each center commenced after the approval from the IEC. All centers were to enroll patients until they completed one year enrollment period. The enrollment of the study participant involved screening as per the inclusion and exclusion criteria of IDAPP and data collection.
There was no predefined sample size for the pilot study. The centers were supposed to enroll all patients admitted to their centers for the first time.
Data elements
Data elements for the IDAPP study were the International SCI Core Data Set [7] and the Minimal Safety Data Set. The International SCI Core Data Set had been devised to homogenize the collection and report the minimum information necessary to depict demographic and clinical information of persons with SCI [7] . Minimal Safety Data Set was specially compiled incorporating the relevant components of International Classification of External Causes of Injuries (ICECI) [8] , to capture the epidemiological aspects of cause of individual SCI, with a view to help formulate prevention strategies. The data elements were compiled by the Advisory, Prevention and Scientific Committee members of ISCoS and finalized by PIs after a brainstorming workshop during an ASCoN meeting. The International SCI Core Data Set and the Minimal Safety Data Set used in the study are appended in Appendix 1a and 1b.
Organizational structure
The IDAPP was conducted under the strategic direction and management of the Advisory Committee from ISCoS. The Advisory Committee was responsible for helping in conceptualization and commencement of the project as well as defining roles and responsibilities of all concerned. The Committee was supported through a Central IDAPP team based in New Delhi, India and a network of local IDAPP teams comprising of site investigators and their teams at participating centers. The central IDAPP team constituted of Principal Investigator, Manager-Projects, ManagerAdmin, Project Coordinator, and Project Monitor. The team was responsible for data management and data quality control through good clinical practices. The Principal Investigator was responsible for overall operations, data management and data quality control. The Manager-Projects was responsible for data management and training of both central and site teams. Manager-Admin was responsible for the communications (external), fund management and administration issues related to the project. The Scientific Committee, comprising of site investigators of the centers, was made responsible for the use and disclosure of data collected in the project.
Data collection and management
A web platform, capable of being enhanced for the subsequent larger database, was specially created for the study. Data collected on each patient at the site was entered into the electronic case record form (e-CRF) of the database. Quality processes were embedded in the database to prevent inadvertent entries. The e-CRFs for all patients were stored electronically as a central database. An authorized person collected data from the patient case file at each center. The local IDAPP site Investigator at each center was responsible for the scientific and ethical conduct of the IDAPP and ensured that the local IDAPP team adhered to the protocol and all other IDAPP documentation. The local IDAPP coordinator was responsible for patient recruitment, data collection and day-to-day IDAPP operations. The local IDAPP monitor ensured that the site team was fully trained for study purposes. The monitor verified all entries to the e-CRF and compared them with the clinic/practice raw data (source document, case files etc.). Access to e-CRF in the database was provided to the local IDAPP team for data entry processes. A one day training workshop was conducted for the study team during an ASCoN meeting. The study team was also provided all the documents pertaining to the study including Protocol, Patient Information Sheet and Informed Consent Form, Screening and Enrollment Log, Site Delegation Form, Data Clarification Form, Data Sharing Agreement and Publication Policy. An online regular training was also conducted for the study team and the local IDAPP site investigator was responsible to ensure that site study team was fully trained to conduct the study. The Project Monitor conducted online quality check of the data for completeness and appropriateness. The Central IDAPP team could access the data of patients from all centers. The local IDAPP team could only access the data for patients from individual centers.
The local IDAPP center was responsible for maintaining patient confidentiality. Each patient's data was marked (in e-CRF) by a unique number. This unique number was system generated and identifiable for each center. All potential patient identifying information, including the name, initials and date of birth, remained with the local site investigators and was never entered into the database.
Feedback from participating centers
A Questionnaire (Part A and B) for Investigators of IDAPP study was circulated amongst the participating centers to get feedback on the relevance, appropriateness of study design, quality of documents, and issues faced by the site study teams while conducting the IDAPP study. Part A of the questionnaire included questions on the quality and appropriateness of the study and was scored between 1 and 10 with 10 implying the best score. Part B dealt with the problems faced at individual sites while performing the activities related to the IDAPP study and was scored between 1 and 5, with 5 implying maximum problem. The questionnaire used in the study is appended in Appendix 2.
The various processes that were assessed included site selection, training of project team, site initiation, data elements, data collection, uploading, storage, usage, quality control, data safety and integrity, various related policies and agreements including publication policy, data sharing agreement and organizational structure of the project.
Results
A total of 975 patients were enrolled across all centers at the end of one year of the study (Table 1 ).
Investigator's feedback
The investigators rated above 8 for all questions on quality and appropriateness of the IDAPP study. The rating was higher for questions pertaining to appropriateness of design of the IDAPP study, timely and appropriate response from the central team on queries raised by the sites, quality and ease of use of web platform. All the investigators were interested in further continuation of the IDAPP study and would recommend others to join the study (Table 2 ).
There were minimal problems faced by centers during the conduct of IDAPP. Availability of personnel, sustainability due to financial reasons and time taken for data collection were listed as most problematic by only one center (Table 2) .
Demographic details
Demographic details are provided in Table 3 . All SCI etiology-related data are provided in Table 4 . 
Discussion
The study confirmed the relevance of the IDAPP, the appropriateness of design as well as data elements and ease of use of web platform. The quality of document, appropriateness of training provided and support by central team was confirmed by the study. All the centers completed the data variables for patients enrolled in the study. There was no particular data variable which was highlighted by any center as difficult to capture. Though one investigator identified the availability of personnel and financial constraints as major limiting factors for sustainability of such a study, the relevance of the study and its importance in continuity has been confirmed by their willingness to continue and to recommend other centers to join in this endeavor. Thus, the pilot study has established the feasibility of a larger global database. Feedback also suggests that for a larger study, adding non-traumatic SCI data variables should be considered in the future. The ISCoS global mapping project had highlighted the paucity of data from LMICs. One factor could be financial implications in collecting the data. In an Australian study, it has been cited that the expense of collecting long term outcome statistics at a solitary point for 2000 major trauma patients is estimated at AUD 30,000 (USD 23760) [9] . In a proposed Australian budget to collect SCI data [10] , it's estimated to cost AUD 1,78,456 (USD 141337) to collect solitary data for 975 patients (the number of patients data has been provided through this study). In comparison, the cost of one year IDAPP study, including administrative and maintenance cost (per year), was USD 7780, with USD 7650 & USD 130 being non recurring and recurring components respectively (Table 5 ). It may be noted that this would be the cost for ongoing data collection as against the cost for data collection at a single time point in the Australian study. However, data collection was done voluntarily at all participating centers. The IDAPP has thus provided a low-cost solution to creation of a data repository in such countries.
Understanding the epidemiology of SCI in a region could help in directing the resources for appropriate prevention strategies. Also, this could direct the sparse resources in most appropriate manner for SCI care and rehabilitation.
For any epidemiological study, it is important to analyze details on unknown and missing data. Since sites could not upload data to the central database till all the data elements are filled in, they had the option for selecting the option of 'unknown'. Other than 'location of fall', 'use of helmet or seat restraint' and 'history of alcohol abuse' where the 'unknown' option was ticked for 11, 11 and 9% of patients respectively, 'unknown' option was selected in less than 4% of patients for all other data elements. Voluntary disclosure and unclear mechanism of injury could be the reason for high 'unknown' option for these data elements. The identified centers across the region varied from acute hospitals to specialized spinal injury centers and from government institutes to semi-government, nongovernmental organizations (NGOs) to private centers. This variance in the nature of participating centers was provisioned with a view to help broaden and identify potential challenges for the subsequent project in which multiple centers across the globe would be involved.
As per the WHO report in 2013 [11] , males are more commonly affected by SCI than females. The same has been reflected in our study as well, as 81% of enrolled patients were male. There are many international studies which report the most common cause of SCI as road traffic crashes [3] . This is especially true for high-income or developed countries. However, some recent studies in South East Asian countries have reported fall as the most common cause of SCI in the region [12] . The IDAPP study further supports this observation with falls accounting for 53% of SCI in this patient population as compared to 38% by transport-related injuries. However, transport related injuries were the most common cause of SCI in the study in two of the participating countries, Thailand and Malaysia. This is in line with the reported commonest cause of SCI in these countries [13, 14] .
In the study, 89% patients had vertebral injuries and 73% patients underwent spinal surgery. One study from US has reported surgeries in a lower percentage (65%) of patients with SCI [15] . The fact that the IDAPP study was conducted in mainly tertiary centers of each country could be the reason for high percentage of spinal surgeries conducted on these patients.
Of all SCI enrolled in the study, 56% (n = 547) were complete injuries (AIS-A), whereas 41% (n = 401) were incomplete SCI (AIS-B, C and D). Statistics from developed countries show a higher percentage of incomplete SCI [16] . Higher incidence of high falls and/or inappropriate pre-hospital care including improper rescue techniques from accident sites due to lack of knowledge, as prevalent in the region [17] may be the reason for the higher percentage of complete injuries, as reported in the IDAPP study. Also, it has been noted that vehicles are less safe in low and middle income countries (LMICs), with non-availability of seat belts, air bags and child restraints in many vehicles [18] . The use of these mechanisms in the vehicle could be an important factor preventing injuries after any accident [19] .
Studies from India, China and Thailand have reported a higher percentage of the spinal injured to be paraplegics [12, 20] , as compared to tetraplegics in US and other developed countries [20, 21] . In our study also, the percentage of patients with paraplegia was higher. However, the percentage of patients with cervical level of neurological injury is increasing with time in the region [12] .
High fall (fall from more than 1 m) is the most common cause of SCI in the region. In developed countries low falls (fall from a height of <1 m) are more common [22] . In this study the high falls accounted for 69% of the falls. Fall from <1 m height and from the same level were reported to be about 12% each. The remaining 7% of falls were from unspecified or unknown height. The most common site of fall was at home (56%), whereas, 21% falls took place at the work place. However, in contrast to our report, the global report on fall epidemiology recorded 56% of fall incidence happening outside the home [23] .
Most (91%) of the transport related injuries occurred to the vehicle occupant i.e., driver or passenger of the vehicle. Pedestrians were involved in only 5% of the cases, though a study on road traffic crashes (RTCs) in the region has noted a slightly high percentage of involvement of pedestrians in RTCs (13.4%) [24] . The most common type of vehicle available in the region is a motorized two or three wheeled vehicle [24] and it was involved in 47% of the cases, followed by light transport vehicle of four or more wheels. The data is comparable to other studies from the region [25] . Despite the regulation of compulsory use of helmet for two/ three wheeled vehicles, they were hardly used by the patients involved in RTCs (67%). Similarly, seat restraints were not in place in 78% of patients involved in RTCs involving light and heavy transport vehicles. Regulations of helmet as well as seat restraint use and their proper implementation could be one of the SCI prevention strategies. Another unique cause of SCI is the injury to women riders of two/three-wheeled motorized vehicle due to headgear (scarves which the women in the region often wear) getting entangled in the rear wheel resulting in a fall. A campaign to highlight the use of helmet and proper use of headgear may help prevent SCI due to these causes in the region.
In contrast to other studies, where up to 20% of victims involved in road traffic crashes have evidence of alcohol in their blood, only 6% of this patient population had evidence of concomitant alcohol or psychoactive drug/substance use [26] . This may be due to the voluntary reporting used in the study.
The project had limitations inherent to a center-based pilot study. The data may not be appropriately representative of the region since it was a center based study with a limited sample size. Another limitation of the study was that the time required for data collection and entry for each patient was not documented.
Conclusions
IDAPP has provided a low-cost solution to creation of a data repository in LMIC. There were no major anomalies reported for the study processes. The appropriateness of the data base variables and quality and ease of use of web platform has been confirmed. Thus, a larger global database is feasible, economical and practical. Expansion to other centers/regions and including non-traumatic SCI would be the next step forward.
The study also provides demographic and safety data of SCI patients from 9 centers in the South East Asia region. High falls is the most common cause of SCI and a higher percentage of SCI are paraplegics and complete (AIS-A) in the region in contrast to other high income countries (HICs).
